In this paper, we consider the transmission scheme for asymmetric decode-and-forward (DF) 
Introduction
Recently the relay has been widely applied because it can improve the spectral efficiency, extend the coverage in cellular network. There are different types of relays such as decode-and-forward (DF), amplify and forward and compress and forward. In order to recover the spectral efficiency loss in half-duplex relaying systems, the twoway relaying protocol as a new technique is proposed and has drawn considerable attention, where two wireless stations exchange data via a wireless relay and there is no direct connection between the two stations [1] . Motivated by the great success of network coding and multi-input multi-output(MIMO) techniques, DF MIMO two-way relay system has received special attentions in recent years [2, 3] . Network coding can be used at the relay, where the relay combines the data on the bit level using the XOR operation before modulation [4] . The relay does not split the power for transmitting the two sets of data to the two nodes at the same time. Multiple antenna technology can also be used in the two-way relaying network, which can improve the performance in the fading environments by means of spatial diversity and increase the data rate by using spatial multiplexing scheme [5] . It is shown in [6] that it is possible for the relay to transmit information rates equal to the individual link capacities simultaneously to the two receiving stations by using random coding approaches. In [2, 3] [6], it is assumed that the channels from the relay to the two stations are symmetric.
In the practical system, the channel qualities from the relay to the two stations are most asymmetric. How to transmit data, so that the data rates from the relay are not limited by the weaker link of the two stations, is an important problem. The authors in
System Model
We consider the two-way DF relaying system in this paper where the two stations S 1 and S 2 exchange data via a half-duplex relay R as shown in Figure 1 in two phases: the multiple-access (MAC) phase and the broadcast (BRC) phase. In the MAC phase, the two stations transmit their data to the relay and the relay decodes the received signal. The decoded data are combined at the relay and are retransmitted back to the two stations in the BRC phase. The two stations get the needed information by selfinterference elimination using the self-information. Network coding can mix data from different nodes in network and transmit signal by using wireless radio characteristics, which can improve throughout of wireless communication system. It has been applied in the two-way relaying system. Multiple antennas can improve performance in fading environment and has been applied in the two-way relaying system. The network coding and multiple antenna technology are applied in the system at the same time, which can improve throughout from network coding and spatial multiplexing and ensure more reliable transmission from spatial diversity.
Source nodes S 1 and S 2 each have an antenna and R has N R =2 transceiver antennas. We assume that there is no direct connection between the stations S 1 and S 2 . The network coding method and modulation mapping scheme of the relay are known to S 1 and S 2 . They communicate through a relay node R that is within the range of both S 1 and S 2 . Since the signals originating at S 1 and S 2 are mutually independent from each other and R has two transceiver antennas, the system can be seen as a 2  2 virtual MIMO system with spatial multiplexing scheme. In the case of the relay node R transmitting and the source S 1 and S 2 receiving information, the system can be viewed as two 2  1 MISO (Multiple Input Single Output) systems with spatial diversity scheme. In the MAC phase, the source nodes S 1 and S 2 transmit data simultaneously. The data sequence transmitted by the source nodes S 1 in the time slot i is being the received signals at the first and the second antenna of R in the time slot i, the communication system is given by (1) (1,1) (2,1)
The relay node R determines the information contained in the received signals, yielding the detected versions ) ,..., (
b . In the BRC phase, the relay node R re-encodes and re-modulates the received signals and forwards them to the source nodes. In this phase, network coding is exploited to get coding multiplexing gain. The received signal at the relay is denoted by
denote the modulated signal of the first antenna and second antenna at the relay R in the time slot (i+2) and (i+3). After network coding, the ALAMOUTI scheme is applied with the formats
The channel impulse response represent single path channels with negligible time variance,
denote the channel impulse response in the time slot (i+2) and (i+3). in the time slot (i+2) and (i+3) are 
And the received signal In the following, we focus on the BRC phase and assume the MAC phase has been completed and the signal is correctly transmitted to R. Because the two channels from the relay to the source codes are asymmetric in practical scene, we can analysis the performance in the case. In order to meet the requirements of the bit error rate this paper uses the method of priori bit information considering the channel gaining of the weak link quality and strong link quality at the same time.
The perfect CSI is available at the receiver in above detection. However in practice the complex channel gain matrix H has to be estimated at the receiver for retrieving the transmitted data symbol vector and imperfect channel estimation arises in any practical estimation scheme. Following the channel estimation model for MIMO systems in [8] , we model the noisy channel estimate as 
Transmission Scheme
When the two channel qualities of the two-way relaying system are asymmetric for the BRC phase, a new method is proposed in order that the two channel gaining is each fully made use of. We assume that the signal is correctly transmitted to the relay node R in the MAC phase. 
Figure 2. Transmitter and Receivers Diagrams in BRC Phase
In BRC phase, the transmitter R and the receiver S 1 and S 2 diagrams of the proposed scheme are shown in Figure 2 . The channels from the relay node R to the two stations S 1 and S 2 are asymmetric. We assume that the link quality from R to S 1 has the better channel quality, e.g., higher SNR, than the link from R to S 2 . The aim of the proposed scheme is to utilize the better link to transmit more data bits per channel use to the station S 1 , at the same time the signal is transmitted to the station S 2 at a data rate that can be supported by its link. The proposed transmitter structure at the relay R is shown in Figure 2 The 8PSK mapping method is shown in Figure 3 . The gray mapping is shown in Figure 3(a) . The set partition (SP) method 1 is shown in Figure 3 
Performance Analysis
In this section, we show the performance of the proposed asymmetric data rate transmission scheme and the effect of channel estimation error on the performance. The antennas of the relay R is N R =2. The two channels from R to S 1 and R to S 2 are the Raleigh flat fading, but the two channel qualities are asymmetric. Noise is the Gaussian white noise with the mean value equal to 0 and the variance equal to 1. The modulation mode is 8PSK. When S 1 and S 2 receive signal the minimum mean squared error (MMSE) detection is used [11, 12] . We assume that the target average BER for each user is 10 -2 . The information rate of S 1 is mN R =6bpt and the information rate of S 2 is nN R . When n=2, nN R is 4bpt and when n=1, nN R is 2bpt.
The scheme that Gray mapping is used at the relay R is the traditional scheme. The scheme that SP labeling is used at the relay R is the proposed scheme. The BER performance is shown in Figure 4 . Since the transmissions to source nodes S 1 In order to consider the effect of channel estimation error, BER performance in the presence of channel estimation error is investigated for e 1 = e 2 =0.5, 0.05 in Figure 5 . From the figure we can see that BER performance is quite sensitive to channel estimation error and degrades significantly as e 1 and e 2 increased. 
Conclusions
This paper addresses the transmission scheme for the asymmetric MIMO DF two-way relay system with channel estimation error. The idea is that the weaker link receiver exploits a priori bit information in each transmit symbol, so that it only needs to decode on a subset of the transmit symbol constellation. When the two link qualities are asymmetric, the weak link quality channel can attain to the same requirement of BER as the strong link quality. The simulation analysis show that in order to meet the requirement of BER the traditional method can adjust method only according to the weak link quality channel and the strong link quality channel gaining can not by fully made use of. In the proposed method, the data rates transmitted from the relay to the two receiving stations can be adjusted according to their individual link qualities subject to the certain BER constraints. And the channel estimation error is taken into consideration. When channel estimation error is bigger the BER performance decreases. The performance of the proposed method is obviously superior to the traditional method and it can be applied to the practical scene.
